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EXGJHW([SHQVHVRI0(<6ZHUHPLO&=.LQZKLFKUHSUHVHQWVRIWKHVWDWHEXGJHW0RQLWRU
7KHSODQQHG DPRXQW RI H[SHQVHV RI0(<6 LV  PLO&=. IRU   PLO&=. RI
0(<6¶VEXGJHWLVLQWHQGHGIRUWKH+(,VDQGPLO&=.RI0(<6¶VEXGJHWLVLQWHQGHGIRUUHVHDUFK
H[SHULPHQWDOGHYHORSPHQWDQGLQQRYDWLRQ$FWQR&ROO
0(<6 KDV RZQ FDOFXODWLRQ DERXW KRZ WR GLVWULEXWH PRQH\ DPRQJ WKH +(,V EXW WKHUH LV QR PHFKDQLVP WR
DVFHUWDLQZKHWKHUWKHPRQH\LVKDQGOHGHIILFLHQWO\RUQRW7KHUHIRUHZHLQWURGXFHRQHPHWKRG±'DWD(QYHORSPHQW
$QDO\VLVZKLFK FDQ EH XVHG IRUPHDVXULQJ WKH HIILFLHQF\ ,Q YLHZ RI WKH IDFW WKDW WKH ODUJHVW DPRXQW RI EXGJHW
 LQWHQGHG IRU +(,V JRHV WR WKH SXEOLF XQLYHUVLWLHV 0(<6 D ZH IRFXVHG RQ WKH PHDVXULQJ WKH
HIILFLHQF\RIWKHSXEOLFXQLYHUVLWLHVVHH7DEOHLQDSSHQGL[
*HQHUDOO\LIZHZDQWWRPHDVXUHWKHHIILFLHQF\RIDSURGXFWLRQXQLWZHZLOOFRPSDUHLQSXWVDQGRXWSXWV7KHUH
DUH D ORW RIPHWKRGVZKLFK FDQ EH XVHG HJ SDUDPHWULF DQG QRQSDUDPHWULFPHWKRGV 3DUDPHWULFPHWKRGV HJ
6WRFKDVWLF)URQWLHU$QDO\VLV 6)$ DUH VWRFKDVWLF DQG VHW WKHFRQFUHWHSURGXFWLRQ IXQFWLRQ XVXDOO\FRVWRU SURILW
IXQFWLRQ 1RQSDUDPHWULF PHWKRGV HJ 'DWD (QYHORSPHQW $QDO\VLV '($ RU )UHH 'LVSRVDO +XOO )'+ DUH
GHWHUPLQLVWLF DQG LQ JHQHUDO GHWHUPLQH D UDWLR RI ZHLJKWHG VXP RI LQSXWV DQG ZHLJKWHG VXP RI RXWSXWV
3RORXþHNHWDO
$ YHU\ SRSXODU PHWKRG WRPHDVXUH WKH HIILFLHQF\ LV '($ 7DYDUHV  VWDWHV WKDW WKHUH ZHUH RYHU 
DUWLFOHVDQGZRUNVIURPRYHUDXWKRUVDERXW'($SXEOLVKHGEHWZHHQDQG7RGD\ WKHQXPEHURI
DUWLFOHV LV KLJKHU IRU H[DPSOH WKH VHUYHU '($]RQHFRP UHJXODUO\ XSGDWHV LWV ELEOLRJUDSK\ ZKLFK FRQWDLQV RYHU
DUWLFOHVDERXWXVLQJ'($
'($ LQ LWVSUHVHQW IRUPZDV ILUVW LQWURGXFHG LQE\&KDUQHV&RRSHUDQG5KRGHV ,W LVEDVHGRQ)DUUHOO¶V
VHPLQDODUWLFOHµ7KH0HDVXUHPHQWRI3URGXFWLYH(IILFLHQF\¶IURP)DUUHOO  LQWURGXFHGDPRGHOZKLFK
PHDVXUHG WKH HIILFLHQF\ RI SURGXFWLRQ XQLWV ZLWK RQH LQSXW DQG RQH RXWSXW ,W ZDV WKH LQFHSWLRQ RI '($ 7KHQ












'($LVDQRQSDUDPHWULFPHWKRGZKLFK LVXVHG WRHYDOXDWH WKH WHFKQLFDOHIILFLHQF\RIKRPRJHQRXVSURGXFWLRQ
XQLWV 7HFKQLFDO HIILFLHQF\ LV GHILQHG DV WKH UDWLR RI WKHZHLJKWHG VXPRI RXWSXWV WR WKHZHLJKWHG VXPRI LQSXWV
)OHJJHWDO$KRPRJHQRXVSURGXFWLRQXQLWLVUHIHUUHGWRDVDGHFLVLRQPDNLQJXQLW'08
&KDUQHV&RRSHUDQG5KRGHVXVHGWKHQDPHGHFLVLRQPDNLQJXQLWWRGHVFULEHWKHXQLWVEHLQJDQDO\]HGLQ





7KH LQSXWV DQG RXWSXWV FDQEH H[SUHVVHG LQPRQHWDU\ DQG QRQPRQHWDU\ IRUP HJ LQ WKH DUHD RI HGXFDWLRQ WKH
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7KHUHDUHWZREDVLF'($PRGHOV±&&5PRGHODVVXPLQJWKHFRQVWDQWUHWXUQVWRVFDOHDQG%&&PRGHODVVXPLQJ
WKHYDULDEOHUHWXUQVWRVFDOH%RWKPRGHOVFDQEHLQSXWDQGRXWSXWRULHQWHG
2.1. Input-oriented CCR model and BCC model 
7KH ILUVW '($ PRGHO ZDV LQWURGXFHG E\ &KDUQHV &RRSHU DQG 5KRGHV  7KLV PRGHO PD[LPL]HV WKH
HIILFLHQF\ UDWH RI D XQLWZKLFK LV H[SUHVVHG DV D UDWLR RIZHLJKWHG RXWSXWV DQGZHLJKWHG LQSXWV  FRQVLGHULQJ




















jkjiki xvyu  k = 1, 2, …, n      
Htiu i = 1, 2, …, r          
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$V ZH FDQ VHH WKHUH LV RQO\ RQH GLIIHUHQFH LQ IRUPXOD EHWZHHQ WKH &&5 PRGHO DQG %&& PRGHO ,W LV WKH
YDULDEOHμ7KHYDULDEOHVμLVHTXDOWRIRU&&5PRGHOEXWIRU%&&PRGHOWKH\FDQEHSRVLWLYHQHJDWLYHYDOXHRU
HTXDO WR  -DEORQVNê DQG'ORXKê  ,I'08 LV HIILFLHQW DFFRUGLQJ WR WKH &&5PRGHO LW ZLOO EH HIILFLHQW
DFFRUGLQJWRWKH%&&PRGHOWRREXWQRWYLFHYHUVD6WDYiUHN
7KH RXWSXWRULHQWHG PRGHO ZRUNV RQ WKH VDPH SULQFLSOH DV WKH LQSXWRULHQWHG PRGHO 7KH RQO\ GLIIHUHQFH LV
GHWHUPLQHGFRQGLWLRQ7KHVXPRIDOORXWSXWVLVHTXDOWR
2.2. Strengths and Limitations of DEA 
'($FDQEHDSRZHUIXO WRROZKHQXVHGZLVHO\&RUQXHMROVDQG7ULFNVWDWHVDIHZRI WKHFKDUDFWHULVWLFV




&RUQXHMROVDQG7ULFN DOVRZDUQV WKDW WKH VDPHFKDUDFWHULVWLFV WKDWPDNH'($DSRZHUIXO WRROFDQDOVR
FUHDWHSUREOHPVIRUH[DPSOHVLQFH'($LVDQH[WUHPHSRLQW WHFKQLTXHQRLVHHYHQV\PPHWULFDOQRLVHZLWK]HUR
PHDQVXFKDVPHDVXUHPHQWHUURUFDQFDXVHVLJQLILFDQWSUREOHPV'($PHDVXUHVµUHODWLYH¶HIILFLHQF\QRWµDEVROXWH¶
HIILFLHQF\ ,QRWKHUZRUGV LWFDQ WHOO\RXKRZZHOO\RXDUHGRLQJFRPSDUHG WR\RXUSHHUVEXWQRWFRPSDUHG WRD
µWKHRUHWLFDOPD[LPXP¶6LQFH'($ LV DQRQSDUDPHWULF WHFKQLTXH VWDWLVWLFDOK\SRWKHVLV WHVWV DUHGLIILFXOW6LQFHD
VWDQGDUG IRUPXODWLRQ RI '($ FUHDWHV D VHSDUDWH OLQHDU SURJUDP IRU HDFK '08 ODUJH SUREOHPV FDQ EH
FRPSXWDWLRQDOO\LQWHQVLYH
/LWHUDWXUHUHYLHZ
,Q UHFHQW \HDUV VHYHUDO VWXGLHV KDYH XQGHUWDNHQ DQDO\VLV RI HIILFLHQF\ RI SXEOLF XQLYHUVLWLHV XVLQJ '($
PHWKRGRORJ\







RQ  GDWD 2YHUDOO SHUIRUPDQFH PRGHO  3HUIRUPDQFH RQ GHOLYHU\ RI HGXFDWLRQDO VHUYLFHV PRGHO  DQG
3HUIRUPDQFH RQ IHHSD\LQJ HQUROPHQWV PRGHO  $OO WKHVH PRGHOV KDG WKH QXPEHU RI DFDGHPLF VWDII DQG WKH
QXPEHU RI QRQDFDGHPLF VWDII DV WKH LQSXWV 7KH RXWSXWVZHUH GLIIHUHQW LQ HDFKPRGHO PRGHO  XQGHUJUDGXDWH
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HQUROPHQWV SRVWJUDGXDWH HQUROPHQWV UHVHDUFK TXDQWXP PRGHO  VWXGHQW UHWHQWLRQ UDWH VWXGHQW SURJUHVV UDWH
JUDGXDWH IXOOWLPH HPSOR\PHQW UDWH PRGHO  RYHUVHDV IHHSD\LQJ HQUROPHQWV QRQRYHUVHDV IHHSD\LQJ
SRVWJUDGXDWH HQUROPHQWV +H IRXQG RXW WKDW WKH DYHUDJH HIILFLHQF\ VFRUH RI XQLYHUVLWLHV LV  IRU PRGHO 
 IRUPRGHO  DQG  IRUPRGHO 0RGHO  FRQILUPHG WKH SRRU SHUIRUPDQFH RQ DWWUDFWLQJ IHHSD\LQJ
VWXGHQWV
$EERWWDQG'RXFRXOLDJRVXVHGWKHVDPHGDWDDV$YNLUDQLH$XVWUDOLDQXQLYHUVLWLHVLQ
7KH\ IRFXVHG RQ WKH RXWSXWV RI UHVHDUFK DQG WHDFKLQJ 7KH\ FRQVWUXFWHG D IHZPRGHOV DQG XVHG WKH QXPEHU RI
HTXLYDOHQW IXOOWLPH VWXGHQWV WKH QXPEHU RI SRVWJUDGXDWH DQG XQGHUJUDGXDWH GHJUHHV HQUROOHG WKH QXPEHU RI




HYLQFH WKH KLJK OHYHO RI HIILFLHQF\ UHODWLYH WR HDFK RWKHU WKH DYHUDJH HIILFLHQF\ VFRUH IURP DOOPRGHOV LV LQ WKH
LQWHUYDO±7KH\DOVRIRXQGRXWWKDWXVLQJWKUHHRUIRXURXWSXWVGRHVQRWDOWHUWKHUHVXOWV
$IRQVRDQG6DQWRVPHDVXUHGWKHHIILFLHQF\RI3RUWXJXHVHXQLYHUVLWLHVIDFXOWLHVDQGLQVWLWXWHV7KHGDWD
VHW FRQWDLQHGGDWD7KH\ FRQVWUXFWHG ILYHPRGHOVZKLFKKDGRQH LQSXW DQG RQH RXWSXW WZR LQSXWV DQG RQH
RXWSXWRUWZRLQSXWVDQGWZRRXWSXWV7KH\XVHGWKHDYHUDJHWRWDOVSHQGLQJSHUVWXGHQWDQGWKHWHDFKHUVWRVWXGHQWV
UDWLR DV LQSXWV 7KH RXWSXWV ZHUH UHSUHVHQWHG E\ WKH VXFFHVV UDWH RI XQGHUJUDGXDWH VWXGHQWV DQG WKH QXPEHU RI
GRFWRUDOGLVVHUWDWLRQV7KHLUUHVXOWVVKRZHGWKDWWKHRYHUDOOLQSXWHIILFLHQF\LVEHWZHHQDQGWKHUHIRUHLW




VWDII DQG FXUUHQW H[SHQGLWXUH DV LQSXWV 7KH\ DOVR FRPSDUHG WKH (DVW *HUPDQ XQLYHUVLWLHV WR WKH:HVW *HUPDQ
FRXQWHUSDUWV7KH\FRQFOXGHGWKDWWKH(DVW*HUPDQXQLYHUVLWLHVDUHOHVVHIILFLHQWWKDQWKH:HVW*HUPDQFRXQWHUSDUWV
DQGWKHVL]HRIWKHXQLYHUVLW\LVQRWQHFHVVDULO\DVVRFLDWHGZLWKLWVHIILFLHQF\
&XHQFD PHDVXUHG WKHSHUIRUPDQFHRIVWDWHXQLYHUVLWLHVDQGFROOHJHV LQ WKH3KLOLSSLQHV LQ WKHSHULRG
6KHXVHGDYDLODEOHGDWDIRU'($DQDO\VLV IRUH[DPSOHH[SHQGLWXUHGDWDDV LQSXWVDQG WKHQXPEHURI
HQUROOHGVWXGHQWVWKHQXPEHURIJUDGXDWHVDQGWRWDOUHYHQXHDVRXWSXWV+HUUHVXOWVVKRZHGWKDWWKHPDMRULW\RIWKH
VWDWHXQLYHUVLWLHVDQGFROOHJHVKDYHHIILFLHQF\VFRUH OHVV WKDQ7KHDYHUDJHHIILFLHQF\VFRUHZDV LQ
LQLQDQGLQ












7KH DFDGHPLF VWDII VHH $YNLUDQ  $EERWW DQG 'RXFRXOLDJRV  FRQWDLQV SURIHVVRUV DVVRFLDWH
SURIHVVRUV DVVLVWDQW SURIHVVRUV OHFWXUHUV DVVLVWDQWV DQG WHDFKLQJ VWDII7KHRWKHU FRVWV VHH0F0LOODQ DQG'DWWD
 $EERWW DQG 'RXFRXOLDJRV  FRQWDLQV PDWHULDO FRQVXPSWLRQ HQHUJ\ FRQVXPSWLRQ UHSDLU DQG
PDLQWHQDQFH RWKHU VHUYLFHV RWKHU H[SHQGLWXUH DQG GHSUHFLDWLRQ RI WDQJLEOH DQG LQWDQJLEOH DVVHWV 7KHUH DUH QR
ZDJHVFRVWVLQFOXGHGDQGZHGLGQRWXVHWKHPDVRWKHULQSXWEHFDXVHWKH\DUHVWURQJO\SRVLWLYHO\FRUUHODWHGZLWKWKH







VWXGHQWVZDV DOVR FDOFXODWHG DV WKH VXPRI DOO LQWHUQDO DQG ZLWK KDOI WKHZHLJKW H[WHUQDO VWXGHQWV LQ D GRFWRUDO
SURJUDP 7KH VDPH FDOFXODWLRQZDV XVHG IRU WKH QXPEHU RI EDFKHORU DQGPDVWHU¶V JUDGXDWHV VHH0F0LOODQ DQG
'DWWD  $EERWW DQG 'RXFRXOLJRV  .HPSNHV DQG 3RKO  &XHQFD  DQG WKH QXPEHU RI 3K'
JUDGXDWHVVHH$EERWWDQG'RXFRXOLDJRV$IRQVRDQG6DQWRV
8VLQJ WKHVHYDULDEOHVZHFRQVWUXFWHGHLJKWPRGHOV$OORI WKHPDUH LQSXWRULHQWHGDQGZLWKYDULDEOH UHWXUQV WR







0RGHO        
,QSXW 2WKHU&RVWV 2WKHU&RVWV $FDG6WDII $FDG6WDII 2WKHU&RVWV 2WKHU&RVWV $FDG6WDII $FDG6WDII
2XWSXW *UDG 6WXG *UDG 6WXG *UDG 6WXG *UDG 6WXG
6RXUFH$XWKRU
1RWH*UDG %DFKHORUDQGPDVWHU¶VJUDGXDWHV*UDG 3K'JUDGXDWHV6WXG %DFKHORUDQGPDVWHU¶VVWXGHQWV6WXG 3K'VWXGHQWV
'HVFULSWLYHVWDWLVWLFVPLQLPXPPD[LPXPPHDQPHGLDQDQGVWDQGDUGGHYLDWLRQRIWKHGDWDVHWVLVSUHVHQWHGLQ
7DEOH'DWD IRU WKH DQDO\VLVZHUHXVHG IURP WKH0LQLVWU\RI(GXFDWLRQ<RXWK DQG6SRUW 0(<6E7KH
FDOFXODWLRQZDVSHUIRUPHGE\XVLQJ'($([FHO6ROYHU-DEORQVNê
7DEOH'HVFULSWLYHVWDWLVWLFVRIGDWDVHWRIWKH&]HFKSXEOLFXQLYHUVLWLHVLQ
9DULDEOH 0LQ 0D[ 0HDQ 0HGLDQ 6WG'HY
$FDGHPLFVWDII     
2WKHUFRVWVLQWKRXVDQGV&=.     
%DFKHORUDQGPDVWHU¶VJUDGXDWHV     
3K'JUDGXDWHV     
%DFKHORUDQGPDVWHU¶VVWXGHQWV     
3K'VWXGHQWV     
6RXUFH&DOFXODWHGE\DXWKRUEDVHGRQWKHGDWDIURP0(<6E
5HVXOWVDQGGLVFXVVLRQ





DYHUDJHDQGRWKHU FRVWVSHU VWXGHQW DUH WZLFHDVKLJKDV WKHDYHUDJH7KHVH+(,VDUH LQHIILFLHQW DFFRUGLQJ WR WKH
'($ LQ0RGHO DQG0RGHOEHFDXVH WKHLU UDWLRVJUDGXDWHVWHDFKHU DQG VWXGHQWVWHDFKHU UHSUHVHQWRQO\KDOI WKH
DYHUDJH 7KLV LV FDXVHG E\ WKH VSHFLDOL]DWLRQ RI WKHVH +(,V 8936 ± YHWHULQDU\ PHGLFLQH DQG SKDUPDFHXWLFDO
VFLHQFHVDQG,&7±FKHPLFDOWHFKQRORJ\7KLVLVDOVRW\SLFDOIRUDUW+(,VHJ$3$7KHVDPHSUREOHPRFFXUVLQ
0RGHO0RGHO0RGHODQG0RGHO
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7KHUHVXOWVLQGLFDWHWKDWWKHHIILFLHQF\VFRUHLVVHQVLWLYHWRWKHVHOHFWHGLQSXWVDQGVHOHFWHGRXWSXWV8VLQJPRUH
YDULDEOHV LQPRGHO GHFUHDVHV WKH VHQVLWLYLW\ DQG WKXV LQFUHDVHV WKH HIILFLHQF\ VFRUHV0F0LOODQ DQG'DWWD 
UHFRPPHQGNHHSLQJWKHQXPEHURIYDULDEOHVOHVVWKDQRQHWKLUGRIWKHQXPEHURIREVHUYDWLRQV,WLVDOVRLPSRUWDQW
WRFRQVLGHUIDFWRUVOLNHWKHVSHFLDOL]DWLRQRIWKH+(,7KHVSHFLDOL]DWLRQRI8936UHTXLUHVKLJKFRVWVDQGWKHUHIRUH












WKH VSHFLDOL]DWLRQ RI ,&7 LV FKHPLFDO WHFKQRORJ\ DQG WKH VSHFLDOL]DWLRQ RI 8936 LV YHWHULQDU\ PHGLFLQH DQG
SKDUPDFHXWLFDOVFLHQFHVDQGWKHUHDUHQRRWKHU+(,VZLWKWKHVDPHRUVLPLODUVSHFLDOL]DWLRQ
:HXVHG WKHVDPHGDWDDQGPRGHOVDV LQ WKH ILUVWDQDO\VLV7KH UHVXOWVRI WKH VHFRQGDQDO\VLVDUHSUHVHQWHG LQ
7DEOHLQDSSHQGL[,WLVREYLRXVWKDWWKHHIILFLHQF\VFRUHVDUHKLJKHUWKDQLQWKHILUVWDQDO\VLV8VLQJWKHWRWDOFRVW
FRHIILFLHQWVDQGGLYLGLQJ+(,VLQWRJURXSVZHHOLPLQDWHGWKHKLJKGLIIHUHQFHVLQLQSXWVDQGLQRXWSXWV
$OWKRXJKZHGLYLGHG WKH+(,V LQWR WKHJURXSVZKLFKDUHPRUHKRPRJHQRXVZHFDQ VWLOO ILQG+(,VZLWK ORZ
HIILFLHQF\VFRUH*URXS0RGHO±8+.DQG680RGHO±8+.68DQG8:%*URXS0RGHODQG0RGHO
±830RGHO±%870RGHO±08%*URXS0RGHO±-$03$*URXSDQG*URXSDUHVPDOOVL[DQGIRXU
+(,V DQGZHXVHGPRGHOZLWKYDULDEOH UHWXUQV WR VFDOH WKHUHIRUH WKHUH LV D ORWRI HIILFLHQW+(,V LQHDFKPRGHO
*URXSKDV WKLUWHHQ+(,V7KHVLJQLILFDQWGLIIHUHQFHVEHWZHHQWKH UHVXOWVRI WKH ILUVW DQGVHFRQGDQDO\VLVDUHDV
IROORZVLQWKHILUVWDQDO\VLV&8ZDVHIILFLHQWLQVL[PRGHOVDQGLQHIILFLHQWLQ0RGHODQG0RGHO




)RU RWKHU DQDO\VLV ZH UHFRPPHQG XVLQJ IDFXOWLHV RU GHSDUWPHQWV DV '08V ZLWK WKH VDPH RU VLPLODU







LWV SHHUXQLWV:H FKRVH WKH IROORZLQJYDULDEOHV WKHQXPEHURI DFDGHPLF VWDII DQGRWKHU FRVWV DV LQSXWV DQG WKH
QXPEHU RI EDFKHORU DQGPDVWHU¶V JUDGXDWHV WKH QXPEHU RI 3K'JUDGXDWHV WKH QXPEHU RI EDFKHORU DQGPDVWHU¶V
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VSHFLDOL]DWLRQJDYHXVEHWWHU LQIRUPDWLRQDERXW WKHLU HIILFLHQF\ WKHUHIRUHZH UHFRPPHQGJRLQJGHHSHU DQGXVLQJ







+(,V 0RGHO 0RGHO 0RGHO 0RGHO 0RGHO 0RGHO 0RGHO 0RGHO
,QSXW 2WKHU&RVWV 2WKHU&RVWV $FDG6WDII $FDG6WDII 2WKHU&RVWV 2WKHU&RVWV $FDG6WDII $FDG6WDII
2XWSXW *UDG 6WXG *UDG 6WXG *UDG 6WXG *UDG 6WXG
*5283
08        
8+.        
68        
8:%        
&3-        
,7%        
Mean 0.955 0.930 0.888 0.791 0.846 0.856 0.697 0.687 
Std. dev. 0.067 0.100 0.122 0.161 0.167 0.149 0.255 0.262 
*5283
&8        
86%        
-(38        
38        
28        
&78        
78/        
83        
%87        
782        
7%8        
&8/6        
08%        
Mean 0.758 0.697 0.861 0.867 0.723 0.676 0.876 0.896 
Std. dev. 0.192 0.204 0.151 0.149 0.197 0.181 0.142 0.110 
*5283
$3$        
$)$        
$$$'        
-$03$        
Mean 0.932 0.944 0.973 0.922 0.988 0.906 0.872 0.892 
Std. dev. 0.118 0.096 0.047 0.134 0.020 0.163 0.222 0.110 
6RXUFH&DOFXODWHGE\DXWKRUEDVHGRQWKHGDWDIURP0(<6E
1RWH*UDG %DFKHORUDQGPDVWHU¶VJUDGXDWHV*UDG 3K'JUDGXDWHV6WXG %DFKHORUDQGPDVWHU¶VVWXGHQWV6WXG 3K'VWXGHQWV
 





























































0(<6 D 5R]SLV UR]SRþWX Y\VRNêFK ãNRO QD URN  >2QOLQH@ $FFHVVHG DW    $YDLODEOH IURP
KWWSZZZPVPWF]Y]GHODYDQLY\VRNHVNROVWYLUR]SLVUR]SRFWXY\VRN\FKVNROQDURN!
0(<6E9\VRNpãNROVWYt>2QOLQH@$FFHVVHGDW$YDLODEOHIURPKWWSZZZPVPWF]Y]GHODYDQLY\VRNHVNROVWYL!





7DYDUHV *  $ %LEOLRJUDSK\ RI GDWD (QYHORSPHQW $QDO\VLV  5XWFRU 5HVHDUFK 5HSRUW 3LVFDUWDZD\ 1HZ -HUVH\ 5XWJHUV
8QLYHUVLW\
